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In some tropical birds, breeding seasonality is weak at the population level, even where
there are predictable seasonal peaks in environmental conditions. It therefore remains
unclear whether individuals are adapted to breeding at speciﬁc times of the year or ﬂexi-
ble to variable environmental conditions. We tested whether the relative year-round
breeding activity of the Common Bulbul Pycnonotus barbatus arises due to within-indivi-
dual variability in breeding dates. We collected data from 827 birds via mist-netting over
2 years with corresponding local weather data. We used a combination of climate envel-
ope and generalized linear mixed models to explore how the timing of breeding is inﬂu-
enced by time of year, individual variation, rainfall and temperature in a West African
savannah where seasonal precipitation determines annual variation in environmental con-
ditions. We also pooled 65 breeding records from 19 individuals recorded between 2006
and 2017 based on brood patch occurrence and behavioural observation to compare
within-individual and population variability in breeding dates. We show that the breed-
ing dates of individuals may be as variable as for the population as a whole. However,
we observed a seasonal peak in juvenile occurrence that varies signiﬁcantly between
years. Models suggest no relationship between nesting and moult, and within-year varia-
tion in rainfall and temperature, and birds were unlikely to breed during moult but may
do so afterwards. Moult was very seasonal, correlating strongly with day length. We sug-
gest that because environmental conditions permit year-round breeding, and because
reproductive output is subject to high predation risk, there is probably a weak selection
for individuals to match breeding with variable peak conditions in the environment.
Instead, moult, which always occurs annually and successfully, is probably under strong
selection to match variable peak conditions in the environment so that long-term survival
ensures future reproduction.
Keywords: Afro tropics, annual cycle, birds, food availability, life history evolution, phenology,
rainfall, temperature, timing.
Optimal ﬁtness outcomes require organisms to
match sequences of annual cycle events to the most
suitable environmental conditions (Ricklefs &
Wikelski 2002, Reed et al. 2009). This may involve
control of annual cycle stages by internal biological
‘clocks’, periodic environmental signals such as day
length, and locally variable signals such as rainfall,
temperature and food availability (Wingﬁeld 2008,
Visser et al. 2010, Helm et al. 2013). An individ-
ual’s ability to assess and determine immediate con-
ditions may also be important for a decision to
initiate annual cycle stages, and this may depend on
the predictability of its environment (Lisovski et al.
2017), individual experience and the degree of
*Corresponding author.
Email: c.j.nwaogu@rug.nl
Twitter: @Chimaobimnwaogu
© 2018 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited.
Ibis (2018) doi: 10.1111/ibi.12661
environmental limitation on initiation of such stages
(Perrins 1970, Hahn 1998, Tieleman & Williams
2005, Fontaine & Martin 2006, Pimentel & Nilsson
2007, T€ok€olyi et al. 2012).
Timing of breeding is a crucial component of the
annual cycle of relatively short-lived organisms but
may be less important for long-lived species where
ﬁtness may depend more on survival than on annual
reproduction. Early ornithological observations out-
side temperate systems suggested that both the
degree of seasonal limitation to the occurrence of
breeding and the relative contribution of annual
reproduction to overall ﬁtness are low in tropical
birds and this was largely attributed to milder food
seasonality and high nest predation (Lack 1950a,b,
Moreau 1950, Skutch 1950, Thomson 1950, Voous
1950, Ashmole 1963a, Cody 1966). More recent
studies (Dittami &Gwinner 1985, Tye 1992, Oscha-
dleus & Underhill 2006, Greeney 2010, Reynolds
et al. 2014), however, have revealed that breeding
strategies are diverse and closely related to species
niche, albeit with exceptions such as Ndithia et al.
(2017) who found no relationship between timing of
breeding, invertebrate abundance and weather vari-
ables in equatorial larks. Birds in equatorial regions
with small variation in day length have sometimes
been shown to respond to this minimal environmen-
tal variability (Wikelski et al. 2000, Quispe et al.
2017, Shaw 2017), so year-round breeding at the
population level may not necessarily equate to an
absence of breeding seasonality due to weak environ-
mental seasonality.
Breeding seasonality is a function of individual
ﬂexibility and environmental constraints. However,
the strong correlation between breeding and envi-
ronmental variables in temperate systems limits
the appreciation of individual variability as a possi-
ble determinant of breeding seasonality, and results
in a focus on factors such as food availability and
offspring survival (Lack 1948, Ashmole 1963b,
Skutch 1967, Lloyd 1999). In environments where
birds have multiple breeding opportunities but
experience stochastic nest survival, enhancing
adult survival via adequate self-maintenance may
be a crucial ﬁtness determinant (Williams 1966,
Nilsson & Svensson 1996). Such considerations
may explain links between age-related survival,
future reproduction, environmental seasonality and
iteroparity (Schaffer 1974). The need to enhance
adult survival could lead to the prioritization of
moult over reproduction in adult birds when
moult timing is crucial (Stiles & Wolf 1974),
because an unsuccessful moult may have immedi-
ate survival consequences for an individual but
failure to breed successfully may not be as costly if
there are opportunities to breed in the future.
Year-round breeding tropical birds may help us
better understand how the timing of annual cycle
stages which vary differently within and among
individuals interacts with environmental seasonal-
ity at the population level.
The Common Bulbul Pycnonotus barbatus is a
long-lived, resident, tropical passerine that breeds
non-seasonally in central Nigeria despite clearly
seasonal precipitation (Keith et al. 2004, Cox et al.
2013). However, it is not known whether individ-
ual Bulbuls breed consistently at different times of
the year or ﬂexibly between years in different envi-
ronmental conditions. It is also not clear how the
timing of breeding events and moult interact in a
single annual cycle under seasonal variation in pre-
cipitation. Residency and longevity of Common
Bulbuls therefore permits repeat observations on
individually marked birds at different times of year,
thus allowing individual breeding patterns to be
differentiated from population breeding patterns.
To test whether the breeding seasonality of
Common Bulbul populations arises due to within-
individual variability in breeding dates, we studied
the annual cycle of the species in a seasonal West
African savannah where a single period of annual
precipitation improves foraging conditions in the
wet season (Brandt & Cresswell 2008, Molokwu
et al. 2008, Opoku 2017) and is likely to deter-
mine peak resources for breeding. We also con-
sider the annual timing of moult, the other main
annual life history event for adult resident birds,
because this may also impose constraints on the
timing of breeding (Siikamaki et al. 1994) or be
the main focus for selection on seasonality. Speciﬁ-
cally, we test whether: (1) the relative timing of
breeding and moult in the Common Bulbul fol-
lows an annual pattern at the population level, (2)
individuals breed ﬂexibly as opposed to seasonally
within and between years and (3) the occurrence
of breeding and moult are affected by within-year
variation in rainfall and temperature.
METHODS
Study site
The study was carried out in the Amurum Forest
Reserve (09°520N, 08°580E), at the A.P. Leventis
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Ornithological Research Institute (APLORI), on
the Jos Plateau in Nigeria. The Amurum Forest
Reserve is a heterogeneous woodland savannah
habitat with inselbergs and riparian forests, sur-
rounded by farmland and human settlements
(Nwaogu & Cresswell 2015).
Daily rainfall and temperature data were made
available from a weather station located at the
APLORI and also from the Nigerian Meteorologi-
cal Agency at Jos airport, located 26 km from
APLORI. However, we used the data from the air-
port only for modelling the effect of rainfall and
temperature on the timing of nesting and moult
because there were gaps in data from our local
weather station during February 2014 to January
2016; however, records from the two weather sta-
tions were strongly correlated (daily maximum
temperature = 81%, daily minimum temperature =
74% and rainfall = 87%). We obtained sunset and
sunrise data from the United States Navy
Oceanography Portal http://aa.usno.navy.mil/data/
(USNO 2012), from which we calculated variation
in day length across the year in our study area.
There is a single wet and dry season annually,
and this inﬂuences food availability. Minor precipi-
tation may be observed before the full onset of the
wet season in some years, but the annual rainfall
and temperature patterns are largely predictable
(see Supporting Information Fig. S1). In APLORI,
the wet season usually lasts for approximately
6 months, between mid-April and mid-October.
Total monthly rainfall between June and Septem-
ber is usually over 200 mm but may be less in
May and October. The duration of the wet and
dry seasons may vary slightly between years
depending on the onset and termination of the
rains. Average daily temperatures vary across the
year in a bimodal pattern with amplitudes of
about 8 °C around March and April and 6 °C
around October and November. Temperatures are
lowest during the peak wet season in July and
August and the dry, dusty ‘harmattan’ periods of
December and January (Fig. S1). Day length varies
with an amplitude of 69 min across the entire
year.
Vegetation is mainly grass, shrubs and small
trees, with a few large trees around wet gullies,
which may dry out after the rains. A few of these
gullies hold water throughout the dry season
depending on the extent of drought and serve as
valuable water sources when water is otherwise
largely unavailable in the environment. Insects are
more abundant in the wet season than in the dry
season, with an especially clear peak in numbers of
termites and ants at the onset of the rains (Opoku
2017, C.J. Nwaogu pers. obs.): observations from
insect sampling in our study area from 7 March to
19 May 2017 revealed an overall increase in insect
abundance at the start of the wet season, with a
greater than 10-fold increase in abundance on 7
April due to eruptions of termites and ants from
subterranean castes after the ﬁrst rain. Seeds are
more readily available at the end of the wet season
(Brandt & Cresswell 2008), whereas nectar and
fruits may vary according to phenology of ﬂower-
ing and fruiting plants around the reserve (C.J.
Nwaogu pers. obs.). More plants fruit in the wet
season and so fruits are abundant and diverse in
the wet season than in the dry season, but there is
at least one fruiting plant species available at all
times of year. Detailed information on variation in
food abundance, diet choice and seasonal use of
artiﬁcial foraging patches by birds around the
Amurum Forest Reserve can be found in Molokwu
et al. (2008, 2010, 2011).
Study species
Common Bulbuls are resident, sexually monomor-
phic passerines, usually 9–11 cm long and between
25 and 50 g in weight. They have an annual sur-
vival probability of 0.67  0.05 (Stevens et al.
2013) and individual adults may live for up to
15 years in the wild (unpublished APLORI
capture–recapture records). They are territorial
throughout the year but may travel up to c. 2 km
to forage, especially in the dry season when large
groups forage on the few available fruiting plants
and drink from gullies. They may breed in both
the wet and the dry season (Cox et al. 2013) and
are socially monogamous (C.J. Nwaogu pers. obs.).
They always lay two eggs per clutch, but over
79% (n = 92 nests in 3 years) of these clutches are
lost to nest predation and so pairs may make sev-
eral repeat breeding attempts in quick succession
in the same year. A successful breeding attempt
lasts 30–34 days depending on the duration of
nest-building and whether egg-laying is initiated
immediately after nest completion. Fledglings leave
the nest at 66% of adult body size and attain 92%
of adult body size 2 weeks after ﬂedging; they start
a complete post-juvenile moult 6–8 weeks after
ﬂedging (C.J. Nwaogu pers. obs.). Hence the
occurrence of young birds is a reliable indication
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of recently successful breeding events (Ward
1969). Juveniles remain within their family
groups, supported by parents for up to 12 weeks
after ﬂedging. Common Bulbuls are largely frugiv-
orous, but nestlings are predominantly fed insects
and, later, fruits. Adult birds also feed on insects,
and occasionally on nectar or seeds.
Data collection and determination of
variables
We mist-netted 827 Common Bulbuls over
2 years from February 2014 to January 2016.
Mist-netting was carried out daily from February
2014 to January 2016 except when interrupted by
unfavourable weather (day 1 = February 1 for data
analysis involving calendar date). We caught at
least one Common Bulbul on 257 days of two
annual cycles (mean = 3.18 bulbuls/day, sd = 2.82,
maximum = 16 in 257 days). We determined the
age of all birds on the basis of plumage characteris-
tics or colour of gape, and collected blood samples
for molecular sexing by gel electrophoresis.
DNA extractions followed methods described by
Richardson et al. (2001) and genetic sexing was
done using the P2/P8 primers (Grifﬁths et al.
1996, Nana et al. 2014).
For each adult female, we assessed breeding sta-
tus and stage on the basis of brood patch occur-
rence (Redfern 2010). Males do not incubate, so
their breeding status cannot be inferred from brood
patch scores. Incubation lasts 13–14 days but starts
from the date of laying the ﬁrst egg. Common Bul-
buls typically have a clutch of two eggs laid on con-
secutive days, so egg-laying overlaps with the ﬁrst
2 days of incubation. Brood patches at stage 4 and
5 (Redfern 2010) may persist after incubation, and
thus only females with brood patch scores of 1–3
were considered to be in the nesting phase of
reproduction (Nwaogu et al. 2017).
Moult status and stage was determined on the
basis of feather quality (old, moulting or new) and
proportion of primary feather material regrown
(Underhill 1985), respectively. In the ﬁeld, birds
were grouped into three moult categories:
‘pre-moult’, ‘in moult’ and ‘moult completed’. We
further scored each primary feather on the scale of
0–5 for use in calculating population moult param-
eters (duration of primary moult, mean start date
of primary moult and standard deviation of start
date of primary moult): fully grown new feathers
were scored 5 and unmoulted old feathers were
scored 0, and feathers at intermediate stages of
growth were scored 1–4 (Ginn & Melville 1983).
To model seasonality of moult and the effect of
weather variables on the occurrence of moult
(Objectives 1 and 3 respectively), birds ‘in moult’
were scored 1 and birds in the ‘pre-moult’ and
‘moult completed’ categories were scored 0. How-
ever, to control for effect of moult stage on breed-
ing when modelling the relationship between
occurrence of brood patches and weather variables
(Objective 3), all three moult categories were used.
We considered females trapped between February
2014 and January 2016 (n = 414) when comparing
the occurrence of breeding and moult over the
annual cycle, but used all 827 records from 2 years
of mist-netting when quantifying the occurrence of
juveniles in the annual cycle (Fig. 1, Table 1).
To estimate within-individual variation in breed-
ing dates, we considered females that were trapped
more than once in breeding condition (Fig. 2) and
supplemented these few records from 2014 to
2016 with breeding records of the same individuals
from ringing data collected between 2006 and
2013 (Cox & Cresswell 2014), as well as direct
nesting observations made between 2014 and
2017. In total, we considered 65 breeding observa-
tions of 19 females that were encountered breeding
two to nine times between 2006 and 2017 (Fig. 2).
Statistical analyses
Relative timing of breeding, juvenile occurrence and
moult
Our ﬁrst analyses were aimed at predicting the
occurrence (binary outcome) of respectively breed-
ing, juvenile occurrence and moult, over the year.
Each of these three activities were modelled using
a generalized linear model (GLM) with a binomial
error structure, with day (from 1 February) as a
continuous variable and year as a categorical pre-
dictor variable (Fig. 1, Table 1). We included the
quadratic and cubic terms of day in all models
where they were signiﬁcant. Year was retained in
all our models whether it was signiﬁcant or not,
because we intended to compare best estimates of
the timing of annual cycle stages between years.
To model the timing of primary moult in more
detail, we estimated population-level annual moult
parameters using 771 moult records of adult birds
trapped between February 2014 and January 2016
(Table S1). Each moulted primary feather was
converted to the proportion of primary feather
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mass regrown at the time of scoring (Underhill
1985, Erni et al. 2013) using reference feather
masses of fully grown individual primary feathers
from Museum specimens at the A. P. Leventis
Ornithological Research Institute in Nigeria before
ﬁtting the moult model (Erni et al. 2013).
Within-individual variation in breeding dates
We estimated individual variation in breeding
dates. To do this, we calculated the mean within-
individual and population-level coefﬁcient of varia-
tion in breeding dates, using the subset of our data
which included females with repeat breeding
records. The breeding date was recorded as the
number of days from 1 February when an individ-
ual was encountered with a brood patch or was
observed nesting.
Effect of rainfall and temperature on occurrence of
breeding and moult
Weather variables may have lag or cumulative
effects on life history traits. Hence, we tested the
effect of rainfall, minimum temperature, maximum
temperature and temperature range on brood patch
and moult occurrence over different time windows
going back 365 days, using methods described by
van de Pol et al. (2016). We only used data of
females so that effects of rainfall and temperature
on the occurrence of breeding and moult were
tested for the same individuals. We tested several
models for different time windows within 365 days
and came up with a top model for each weather
variable for a linear and quadratic function, each
using aggregate measures: slope, sum, mean and
maximum of weather variables within the selected
Figure 1. Annual occurrence of annual stages: raw data (plot points are jittered around 0 and 1 for clarity) and annual cycle pattern
of presence and absence of brood patch, primary moult and juvenile occurrence in the Common Bulbul Pycnonotus barbatus in a
West African savannah environment over two annual cycles. Occurrence of brood patches and moult was determined from 414
female birds, whereas for juvenile occurrence, the entire 827 capture records were used. Plot lines are generated from parameter
estimates of generalized linear models with binomial error structure (Table 1). Colour bands indicate 1 se of the probability of occur-
rence of annual cycle stages. Error bands differ in size due to relative difference in the amplitude of annual peaks between years.
Grey background indicates the expected start and end of the wet season. Circles and triangles represent 1st year and 2nd year data
points, respectively. Day of year is calculated with reference to 1 February for consistency with models estimating moult parameters
(see Table S1).
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time window (see Supporting Information Tables
S3 & S4). Each model quantiﬁes the additional con-
tribution of a weather variable to the ﬁt of a baseline
GLMM with brood patch or moult as response vari-
able, day length as continuous predictor variable,
and individual identity as random factor (Table 2).
Top models for each weather variable are those that
generate the largest difference in AIC (relative to
the baseline model) after inclusion of the weather
variable in the baseline model (Tables S3 & S4). We
tested the reliability of these top models by compar-
ing their delta Akaike information criterion (AIC)
with the delta AIC of models generated from ran-
domized data; after only 10 randomizations, we
found that the suggested weather signals were all
likely to be arrived at by chance:
Breeding: Rainfall, P = 0.99; Tmax, P = 0.99;
Trange, P = 0.97; Tmin, P = 0.96.
Moult: Rainfall, P = 0.99; Tmax, P = 0.86; Trange,
P = 0.92; Tmin, P = 0.98.
The effect of rainfall and temperature were thus
not considered further.
All statistical analyses were implemented in R
version 3.4.1 (R Development Core Team 2017).
RESULTS
Nesting and juvenile occurrence peaks
were seasonally consistent between
years
The timing of moult but not breeding was seasonal
in the Common Bulbul (Fig. 1, Table 1). Peak
occurrence of brood patch and juveniles followed
a similar sequence in both 2014 and 2015. Brood
patch occurrence peaked weakly prior to the onset
of the wet season before the population moult
peak, ﬂattened in the wet season during moult,
and increased again after the moult peak (Fig. 1,
Table 2). Juvenile occurrence peaked within the
wet season as did moult, but active brood patches
and juveniles still occurred at any time of the year
(Fig. 1). The amplitude of juvenile occurrence
peaks differed signiﬁcantly between 2014 and
2015. More juvenile captures were recorded in
2015, despite similar brood patch peaks in both
years (Fig. 1, Table 1). The duration and standard
deviation of the start date of wing moult did not
differ signiﬁcantly between years or sexes, but
males varied signiﬁcantly in the start date of moult
between years. Moult lasted 138  5 days on aver-
age. In 2014, males started moulting on 24 April
and females on 14 May, whereas in 2015, males
started on 16 April and females on 13 May
(Table S1).
Breeding dates are variable within
individual birds
On average, breeding dates were as variable within
individual birds as for the population (mean indi-
vidual coefﬁcient of variation (CV) = 0.49, popu-
lation CV = 0.59, Table S2). Within-individual
CV in breeding dates ranges from 0.03 to 0.84.
Raw data plots (Fig. 2) of observed breeding dates
per bird reveal that the same individuals nested at
different parts of the same or different year(s).
Within-year variability in rainfall and
temperature are weakly associated with
the timing of nesting and moult
Neither the timing of moult nor the timing of
breeding were predicted by within-year local
Table 1. Timing of nesting (active brood patch occurrence),
moult and juvenile occurrence in the annual cycle of the Com-
mon Bulbul Pycnonotus barbatus, modelled by a generalized
linear model with binomial error structure using 2 years of cap-
ture–mark–recapture data from a West African savannah envi-
ronment. Occurrence of nesting and moult were modelled from
adult female birds only, whereas juvenile occurrence was mod-
elled using all capture records. Year 2014 is set as intercept in
the model. Day of year is included as a continuous variable
with day 1 = 1 February annually.
Estimate Error Z P
Nesting
Intercept 1.82 0.62 3.0 0.003
2015 0.54 0.37 1.4 0.152
day 0.02 0.01 1.0 0.305
day2 0.0002 0.0001 1.7 0.080
day3 0.0000004 0.0000002 2.1 0.039
Juveniles
Intercept 9.15 2.02 4.5 <0.001
2015 1.58 0.65 2.4 0.015
day 0.09 0.04 2.5 0.014
day2 0.0004 0.0002 2.1 0.034
day3 0.0000006 0.0000004 1.7 0.093
Moulting
Intercept 5.42 0.69 7.8 <0.001
2015 0.55 0.29 1.9 0.056
day 0.07 0.01 8.6 <0.001
day2 0.0002 0.00002 9.0 <0.001
Number of individuals = 539, total number of observations =
827, number of female observations = 414. Signiﬁcant P-val-
ues are presented in bold.
© 2018 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
6 C. J. Nwaogu, B. I. Tieleman & W. Cresswell
variability in rainfall and temperature; this was not
due to lag effects of weather variables, because we
explored the effect of all weather variables over
365 days before a breeding or moult event. Final
models showed that breeding was best predicted
by moult (v22,414 = 1.91  0.65, P < 0.01) and
moult was best predicted by day length (v21,414 =
0.05  0.01, P < 0.001; Table 2, Fig. 3).
DISCUSSION
Common Bulbuls showed weakly seasonal nesting
at the population level, largely due to individual
variability in breeding dates, despite highly sea-
sonal precipitation, and perhaps the need to moult
during the wet season (Ward 1969). We found
strong evidence for strict seasonal timing of moult
based on a correlation of moult with day length.
This ﬁnding contrasts with the general observation
of breeding being timed to match seasonal food
abundance, thus in turn driving the start of moult:
a notion which prevails in temperate systems (but
see Tomotani et al. 2018a,b). We discuss these
ﬁndings in the context of life history adaptation
and environmental variation over the annual cycle
of the Common Bulbul, paying particular attention
to the beneﬁt of seasonal moult for adult survival
and the possible impact of nest predation on
re-nesting behaviour.
Seasonality of nesting, juvenile
occurrence and moult
The annual cycle of Common Bulbuls suggests
weakly seasonal breeding in which peak juvenile
occurrence and moult coincide with the start of
the wet season even though breeding events
were distributed across the annual cycle rather
Figure 2. High within-individual variability in nesting dates of Common Bulbuls Pycnonotus barbatus in a West African Savannah
environment depicted from raw data plots of observed breeding dates per individual bird. Within-individual (0.49) and population
(0.59) coefﬁcients of variation in breeding dates were calculated based on number of days since 1 February of brood patch occur-
rence. Dashed line indicates population median date of brood patch occurrence (65 breeding observations in 19 individuals). First
eight and last two individuals (left to right) are less variable compared with the population – this would be the case for all birds if indi-
viduals bred seasonally despite weak seasonality at the population level.
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than heavily concentrated in any one part of the
year (Fig. 1). The coincidence of juvenile occur-
rence and moult with the start of the wet season
suggests that the annual cycle is organized such
that juveniles and adults beneﬁt from the rela-
tively higher insect abundance at the start of the
rains. A similar synchrony is reported for the
Yellow-vented Bulbul Pycnonotus goiavier in Sin-
gapore (Ward 1969) and the Common Bulbul in
East Africa (Moreau et al. 1947). Insects become
readily abundant with the ﬁrst rains but, in con-
trast to temperate systems, peak insect abun-
dance at the onset of the rains results mostly
from termite and ant eruptions (Ward & Jones
1977, Opoku 2017, C.J. Nwaogu pers. obs.).
For example, in some parts of Africa, winged
termites emerge for nuptial ﬂights from subter-
ranean castes during the early rains (van Huis
2017) and this may not require the vegetation
regeneration that drives the seasonal peak in
abundance of caterpillars in temperate systems.
There may be a lag effect of rainfall on the
abundance of insect taxa such as Lepidoptera as
in other tropical systems (Vasconcellos et al.
2010), but this may simply allow insects to be
available for longer periods in the year. Common
Bulbuls raise young year-round, so seasonal varia-
tion in insect abundance is unlikely to be the
key factor inﬂuencing the timing of nesting. It is
therefore important to note that peak juvenile
occurrence is unlikely to be a direct indication
of peak nesting period, because the time interval
between peak occurrence of a brood patch in
adult females and the peak of juvenile occur-
rence is longer than the maximum expected 34-
day nesting period. Furthermore, the amplitude
of juvenile occurrence peaks varied signiﬁcantly
between years but brood patch peaks did not, so
the timing of peak juvenile occurrence may be
more strongly related to the likelihood of nesting
success, which may be variable but more closely
related to annual variation in the timing of rain-
fall than to the occurrence of breeding. Clearly,
an understanding of seasonal adult and nestling
diet is crucial for a better understanding of
breeding phenology in tropical systems.
The wet season may provide better opportuni-
ties for juvenile survival and moult (Moreau
1950, Ward 1969, Chapman 1995), but the dry
season still supports successful breeding events
(Cox et al. 2013). Thus, preparation for nesting
and a substantial part of the nesting period takes
place outside the wet season and this may be
supported by the omnivorous foraging behaviour
of the Common Bulbul, which allows exploita-
tion of multiple food sources. The dry season,
although comparatively more impoverished based
on evidence from increased foraging from artiﬁ-
cial food patches and lower giving-up densities
(Molokwu et al. 2010), still must provide sufﬁ-
cient food to allow breeding (Perrins 1970). This
further implies that breeding by Common Bul-
buls is not speciﬁcally triggered by rainfall (Hau
et al. 2004) and that our study area meets the
minimum breeding requirement for the Common
Bulbul even before the wet season begins,
despite about six preceding months of drought
(Fig. S1).
Common Bulbuls were only less likely to breed
when in main wing moult and could breed again
after moulting (Table 2). Nonetheless, there was an
overlap in some individuals of breeding and moult.
Our raw dataset (Fig. 1) contains four of 414 (c.
1%) females with active brood patches while in
main wing moult. All four were trapped after April
but before September and one of them, nesting in
June, was previously caught incubating in March of
the same year. Because juveniles remain with their
Table 2. Timing of moult and breeding, measured as occur-
rence of primary wing moult and active brood patch respec-
tively, in the annual cycle of the Common Bulbul Pycnonotus
barbatus in a West African savannah. Probability of moult is
predicted by day length and breeding status, whereas proba-
bility of breeding is predicted only by moult stage. Moult stage
was a categorical variable (pre-moult; in moult; moult com-
pleted), with the ‘pre-moult’ stage set as intercept in the model.
Breeding status was scored as the presence or absence of an
active brood patch in females. Predictor variables in full mod-
els included rainfall, maximum daily temperature, minimum
daily temperature and daily temperature range.
Trait Variable Estimate Error Z P
Breeding Intercept 1.72 0.27 6.27 <0.001
Moult stage:
in moult
1.91 0.65 2.94 <0.01
Moult stage:
moult
completed
0.60 0.38 1.59 0.11
Moult Intercept 1.75 0.26 6.75 <0.001
Day length 0.05 0.01 5.58 <0.001
Day length2 <0.01 <0.001 2.67 0.01
Breeding
status:
Breeding
2.00 0.79 2.54 0.01
n = 414, individuals = 281, estimated random effect variance:
breeding model = 0.44  0.66, moult model = 1.22  1.10.
© 2018 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
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parents for up to 12 weeks after ﬂedging, it is likely
that the March breeding attempt was unsuccessful
and necessitated replacement clutches. Hence, full
overlaps between breeding and moult may be an
exception rather than a norm (Foster 1974, Cama-
cho 2013). We hypothesize that although individu-
als are capable of breeding year-round, birds which
complete a successful ﬁrst breeding attempt are
unlikely to overlap nesting and moult (Jahn et al.
2017). A more common scenario in our study area
is to ﬁnd females with brood patch scores of 4 and 5
(post-nesting stages) already starting wing moult or
a few pairs initiating breeding attempts after
September when moult is largely complete (Fig. 1).
Our observations suggest a tighter schedule for
moult than for breeding at the population level.
Main wing moult usually lasts about 138  5 days –
a period accounting for roughly 80% of the wet sea-
son. This duration may be partly inﬂuenced by the
21-day delay and larger variability in the start date
of moult in females (Table S1).
Flexible individual timing of breeding
Breeding dates within individuals may be as vari-
able as the population as a whole. Thus, weak
breeding seasonality at the population level is due
to the ability of individuals to breed in different
environmental conditions within a year rather
than being adapted to speciﬁc parts of the year
(Fig. 2). Perhaps occurrence of breeding was
determined by whether a female was successful
or not in a previous attempt to breed, and this
may be stochastic. A few individuals that success-
fully bred before moulting have, however, been
observed breeding again after moult. Hence, a
sub-annual periodicity where individuals breed at
less than annual intervals (Ashmole 1965,
Figure 3. Day length predicts moult but not breeding in the Common Bulbul Pycnonotus barbatus: relationship between occurrence
of moult and brood patches in female birds, and day length in a West African Savannah environment with slight variation in day
length and marked seasonal precipitation. Plot lines are generated from predictions based on a generalized linear model ﬁtted for
414 observations of moult and brood patches in 281 female Common Bulbuls in Amurum Forest Reserve, Jos, Nigeria (Table 2).
Moult points are stacked on breeding points for easy identiﬁcation. Patterns in both annual cycles are plotted to show consistency
between years but there was no signiﬁcant difference between annual patterns. Day length varies with an amplitude of 69 min across
the entire year.
© 2018 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
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Reynolds et al. 2014) or a bimodal breeding sea-
son (Greeney 2010) similar to patterns consistent
with the bimodal rainfall pattern in east Africa
(Moreau 1950, Wrege & Emlen 1991) may be
alternative explanations for weak breeding season-
ality. A bimodal breeding season is possible if
conditions at the start and end of the wet season
are similar, but this may be less apparent for
Common Bulbuls because breeding events may
be spread out due to replacement clutches on
both sides of the single moult peak (Fig. 1). This
may be the reason for conclusions drawn by Ste-
ven (2010), who suggested that the Common
Bulbul is an end-of-wet-season breeder, based on
juvenile occurrence at the start of the dry season
from 1 year of data. Cox et al. (2013), on the
other hand, suggested a non-seasonal breeding
pattern based on similar proportions of brood
patch occurrence in four quarters of the year
from several years of pooled data.
Only detailed individual observations over sev-
eral years could conﬁrm individual breeding strate-
gies and allow general conclusions to be drawn
about population breeding patterns, because the
presence of an active brood patch or nesting event
may reﬂect an individual’s decision either to initiate
breeding or to replace a depredated clutch or brood.
We did not consider differences between initial and
replacement clutches, which limits our ability to
test whether individuals commence breeding at a
similar time in the year. Moreover, a distinction
between initial and replacement clutches may be
more complicated where birds are capable of breed-
ing year-round. Nonetheless, our conclusion that
the environment exerts a weak selection on the tim-
ing of breeding for individuals is still valid and opens
opportunities for considering alternative explana-
tions for year-round breeding in the Common Bul-
bul and other tropical species (Ashmole 1965,
Wrege & Emlen 1991, Reynolds et al. 2014).
Variation in temperature and rainfall do
not predict the timing of nesting and
moult
Variation in rainfall and temperature did not
explain the occurrence of breeding and moult
(Tables S3 & S4). Rather, breeding was best pre-
dicted by moult, and moult was best predicted by
day length. Thus, the relative timing of breeding
and moult suggests the use of cues other than rain-
fall and temperature (Lloyd 1999, Hau et al.
2004, Houston 2012, Mares et al. 2017). Small
changes in day length (Wikelski et al. 2000,
Quispe et al. 2017) and sun rise time (Shaw
2017) have also been suggested as cues used by
tropical birds; however, we found no support for
the former. There was also no evidence that birds
avoided nesting in the wet season (Thomson 1950,
Foster 1974, Shaw 2017). Instead our data reveal
a seasonal moult (Figs 1 and 3) and a temporal
separation of breeding and moult, albeit with high
individual ﬂexibility (Fig. 2). This synchronization
of moult to the wet season despite ﬂexible individ-
ual breeding may be aided by variation in day
length, as observed with sunrise and sunset times
in African Stonechats Saxicola torquatus axillaris
(Goymann et al. 2012). Common Bulbuls moult
during times of above-average day length (Fig. 3)
and are able to initiate moult in captivity even
when breeding does not take place (C.J. Nwaogu
pers. obs.). Nonetheless, we cannot conclude that
day length serves as the cue for moult without
experiments, because moult may also be controlled
by other factors that correlate with day length.
Regardless, moult does not seem to be casually
linked to breeding, and thus early breeding may
relax temporal constraints on the timing of moult
(Barshep et al. 2013, Tomotani et al. 2018a,b).
GENERAL CONCLUSION
We show that year-round breeding by Common
Bulbuls probably results from a weak selection
for individuals to breed under any speciﬁc envi-
ronmental conditions and perhaps a need to
replace stochastically depredated clutches, rather
than an individual adaptation to speciﬁc condi-
tions at different times of the year. The small
seasonal breeding peak at the population level
may be related to the onset of the wet season,
but the occurrence of individual breeding events
is not necessarily determined by rainfall. In con-
trast, moult is a more seasonal annual event and
if selection acts more strongly on timing of
moult, then seasonality in breeding may arise
because of moult, but not because breeding is
timed primarily to speciﬁc environmental condi-
tions. Accordingly, we show a temporal separa-
tion of breeding and moult with only moult
being seasonal. Overall, there appears to be a
stronger environmental constraint or a better indi-
vidual control on the timing of moult compared
with breeding in the Common Bulbul.
© 2018 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
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We hypothesize that where environmental con-
ditions allow multiple breeding opportunities year-
round, but there is limited and stochastic annual
reproductive output (due to small clutch size and
high nest predation, respectively), there will be a
weak selection for breeding to match peak environ-
mental conditions. In contrast, there will be a stron-
ger selection to organize the annual cycle such that
self-maintaining traits (such as moult) are timed to
suitable environmental conditions (Stiles & Wolf
1974, Barta et al. 2006, McNamara et al. 2011).
This is a testable hypothesis that may apply to com-
paratively long-lived species (Camacho 2013),
because an unsuccessful self-maintenance carries an
immediate survival, and thus long-term ﬁtness, con-
sequence for an individual, whereas a failed breed-
ing attempt may be relatively less costly.
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Table S1. Annual moult parameters estimated
on the basis of proportion of feather material
replaced by Common Bulbuls Pycnonotus barbatus
in a West African savannah environment based on
Underhill and Zucchini’s primary moult model,
using Type II moult data. All estimates are given
in days with reference to 1 February annually.
Year (although interaction with sex is not signiﬁ-
cant) is retained in the model to show the consis-
tent difference in mean moult start date of free-
living males and females between years.
Table S2. Coefﬁcient of variation in breeding
dates of female Common Bulbuls Pycnonotus barba-
tus within individual birds and among all birds in
the population. Breeding date was determined as
number of days between 1 February and the day of
brood patch or nesting behaviour observation.
Table S3. Candidate climate models predicting
the occurrence of a brood patch in female Common
Bulbuls Pycnonotus barbatus over the annual cycle.
Delta AIC relative to baseline model, effect time
windows and effect sizes are shown for each model.
All models are set at ‘relative’ type to explore time
windows within 365 days prior to the observation
of an active brood patch. Baseline model is a null
generalized linear mixed-effect model with individ-
ual identity as random factor. Top climate models
for each weather variable are highlighted in bold in
the table.
Table S4. Candidate climate models predicting
the occurrence of primary wing moult in female
Common Bulbuls Pycnonotus barbatus over the
annual cycle. Delta AIC relative to baseline model,
effect time windows and effect sizes are shown for
each model. All models are set at ‘relative’ type to
explore time windows within 365 days prior to the
observation of primary feather moult. Baseline
model is a null generalized linear mixed-effect
model with individual identity as random factor.
Top climate models for each weather variable are
highlighted in bold in the table.
Figure S1. Annual precipitation and temperature
patterns are consistent and largely predictable
between annual cycles: plots of daily rainfall, mini-
mum, maximum and range of temperature in the
Amurum Forest Reserve, central Nigeria, between
15 January 2014 and 15 February 2016.
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